METHODS

QUALITATIVE TESTS
Twenty-four-hour coIlections of urine were made without a preservative and subsequently stored at -20°C to avoid bacterial breakdown of the glycosaminoglycans (Manley and Hawksworth, 1966) . clinicaIly but who do not have mucopolysacchariduria, to be definitely excluded from the group.
In the course of this work we have encountered difficulties with two of the screening tests. The CPC-turbidity test of Manley and Hawksworth (1966) has been found to give a number of false positive results to the extent that we no longer place any reliance on it as a screening test, and in the case of the bovine albumin turbidity test it has been found necessary to include a urine blank which previous workers have omitted to recommend.
The several genetic mucopolysaccharidoses are characterised by the excessive excretion of glycosaminoglycans in urine. The complexing of cationic reagents with the polyanionic glycosarninoglycans has formed the basis of simple screening tests for these disorders. These have included spot tests on paper with the dyes, Toluidine Blue (Berry and Spinanger, 1960) and Alcian Blue (Carson and Neill, 1962) and turbidity reactions with bovine albumin (Dorfman, 1958) or quaternary ammonium salts such as cetylpyridinium chloride (CPe) (Manley and Hawksworth, 1966) . The same principle has been utilised in two quantitative determinations. The glycosaminoglycans have been precipitated from urine by cetylpyridinium chloride and the uronic acid content of the precipitate determined (Di Ferrante, 1967) and, more recently, the reaction with Alcian Blue has been quantitated (Whiteman, 1973a) and applied to the determination of glycosaminoglycans in urine (Whiteman, 1973b) . However all these tests only recognise excessive or abnormal excretion of glycosaminoglycans and give no The Alcian Blue spot test information about the type ofmucopolysaccharidosis with which they are associated.
III of urine is spotted on to Whatman 3MM
In order to provide a test which would differentiate paper to form a circle not exceeding 1.5 em in the several types of mucopolysaccharidosis we have diameter. Urine from a normal subject and a known investigated electrophoretic separations of urinary case of mucopolysaccharidosis are spotted on to the glycosaminoglycans on ceIlulose acetate (Lewis, same paper. The paper is dried at 100°for 15 min, Kennedy and Raine, 1974) and have developed a then soaked in a mixture of 20 ml formaldehyde, procedure which aIlows the differential diagnosis of 36 g/l00 ml, and 80 ml absolute ethanol for 15 min. at least four mucopolysaccharidosis types and allows After drying the paper in air, the glycosaminothose patients who resemble Morquio's syndrome glycans are stained in an aqueous solution of Alcian 67
Blue 8GX (Imperial Chemical Industries Ltd. 1 g/loo ml, for 15 min. The excess dye is removed by washing alternately in water and glacial acetic acid three times. A result is judged positive if the centre of the spot is stained blue more strongly than the surrounding paper. A deeply stained ring with a weakly stained centre is not regarded as positive.
The bovine albumin turbidity test
Urine is centrifuged for 5 min at 900 g (2000 r.p.m. in a bench centrifuge). Supernatant, 5 ml, is dialyzed for 5 h against 1 litre of distilled water in 2.5 em Visking tubing and 0.75 ml of the residue is buffered in a solution of 0.75 ml distilled water and 0.25 ml phosphate-citrate buffer pH 5.6, 0.3 rnol/l containing 0.45 mol/l sodium chloride. 5.0 ml of a bovine albumin solution, 1.0 g/l acetate buffer pH 4.1, 0.1 molll adjusted to pH 3.75 with hydrochloric acid, 4 mol/l, is added and mixed by inversion. After 10 min the optical density at 600 run is measured. The turbidity of a urine blank, with the acetate buffer, pH 3.75, in place of the buffered albumin solution is similarly determined.
QUANTITATIVE TESTS
The urinary glycosaminoglycans were quantitatively determined by two different techniques: precipitation with cetylpyridinium chloride (CPC) (DiFerrante, 1967) , followed by determination of uronie acid in the precipitate by the carbazoleborate method of Bitter and Muir (1962) , and the quantitative Alcian Blue test of Whiteman (l973b). In the latter 'chondroitin sulphate' (Koch-Light) was used as the standard.
Cellulose acetate electrophoresis
Urine, 50 ml, is centrifuged at 900 g (2000 r.p.m.) for 10 min and 40 ml of the supernatant concentrated to approximately 400~l in Visking tubing (7 mm) suspended in Carbowax (Searle Scientific Services, London) in distilled water (300 gIl). Electrophoresis is carried out in barium acetate, 0.1 molrl (Wessler, 1968) . Cellulose acetate sheets (12 x 12 em, Oxoid) are soaked in the barium acetate for 30 min, pressed briefly between filter paper and then equilibrated in the electrophoresis tank for 30 min. The concentrate, 5~I, is applied in a 1 em line and run alongside a standard preparation containing chondroitin 4-sulphate, chondroitin 6-sulphate, dermatan sulphate, heparan sulphate, keratan sulphate and hyaluronic acid (Dr. M. B. Matthews, Chicago). Concentrates of urine specimens from a normal child and from a known case of the same mucopoly-saccharidosis type as that into which the patient is suspected, on clinical grounds, to fall are also run on the same electrophoretic strip. A constant voltage of 5 VIcm is applied for 4.5 h. The strips are stained in Alcian Blue 8GX, ] 0 gIl, in 2~Ia (v/v) acetic acid for 30 min and washed in the same solution of acetic acid.
RESULTS
The bovine albumin turbidity test
While using the bovine albumin turbidity test it was observed that even after dialysis some specimens of urine retained a degree of turbidity which contributed to the final result in this test. The turbidity produced by urine with buffer alone, in place of the buffered albumin solution, was examined. Figure As a considerable proportion of these blank values are of the order of, or greater than the optical density 0.04 (the upper limit of normality suggested by the results of Steiness, 1961) it is clearly necessary to deduct the blank value if false positive results are to be avoided.
The cetylpyridinium chloride turbidity test
A series of 70 urine specimens from normal individuals and known mucopolysaccharidosis patients was examined using the cetylpyridinium chloride turbidity test (Manley and Hawksworth, 1966) . All the specimens from known cases gave a positive result, but 20 (31 %) of the specimens from normal children also gave positive results. Various changes were made in the test in an attempt to reduce this high incidence of false positive reactions, but without success, and the test has now been abandoned as a screen for the mucopolysaccharidoses. 
Cellulose acetate electrophoresis of urine concentrates
Application of the cellulose acetate electrophoretic technique to concentrates of urine specimens from 24 mucopolysaccharidosis patients and from 20 patients not suffering from any of these disorders revealed six different patterns of bands, A to F in Fig. 2 .
DISCUSSION
Experience with the bovine albumin turbidity test in the recognition of excessive and abnormal excretion of glycosaminoglycans has lead us to modify it by including a urine blank. Steiness (1961) applied the test, without a urine blank, to urine from 60 children not suffering from any of the mucopolysaccharidoses. His results indicated that the upper limit of optical density found in these normal patients was 0.040.
If the urine blank value is to be subtracted from the test result it is necessary to review the upper limit of normal (0.040) since the modified test might be expected to have an upper limit lower than this. Figure 3 shows the results given by the albumin turbidity test both as it was described and after correction for urine blank values in two groups of subjects-normal subjects and patients in whom there was no other evidence of a mucopolysaccharidosis, designated 'normal', and those in whom there was clinical and biochemical evidence of a mucopolysaccharidosis by several screening tests, designated 'MPS'. In the case of the 'MPS' patients the conclusion drawn from the test was independent of inclusion of the urine blank. However, the normal subjects show 26 % falsely positive results in the test without subtraction of the urine blank, an incidence that was reduced to 10% when the correction was made.
In the case of the 'MPS' patients, the modified albumin turbidity test gave a few false negative results but it is interesting that, except for one case of the Scheie syndrome from whom only a very dilute specimen was available, all the falsely negative reactions were for patients with the Sanfilippo syndrome. In these Sanfilippo patients all other screening tests indicated an abnormal excretion of glycosaminoglycans.
Although the modified test applied to urine from normal subjects exceeded an optical density of 0.040 in several instances (Fig. 3) it can be seen from the lower part of the figure that the results on patients with mucopolysaccharidosis accompanied by substantial mucopolysacchariduria are clearly separated from cases of the Morquio syndrome without mucopolysacchariduria and the few cases of the Sanfilippo and Scheie syndromes in whom this test was normal in the specimens available for study. Changing the limit of 0.040 does not make this distinction any clearer and to lower it would only result in more falsely positive reactions in normal subjects. There is therefore no need to change the limit deduced from the results of Steiness (1961) .
This turbidity test, the Alcian Blue spot test and the quantitative determinations of urinary glycosaminoglycans do not provide any information that will assign a patient to a particular mucopolysaccharidosis type. Preliminary investigations of the cellulose acetate electrophoretic technique described suggested that it might provide such informa- tion (Lewis et al., 1973) and application of the procedure to specimens from 24 known mucopolysaccharidosis patients has confirmed this (Lewis, Raine and Kennedy, to be published).
The 24 patients had been confidently assigned, on the basis of clinical examinations, to one of five mucopolysaccharidosis types, Hurler, Hunter, Sanfilippo, Morquio and Scheie (see table) .
Specimens from all the Hurler and Hunter patients gave the three-banded pattern, type A (Fig. 2) , and could not be further distinguished by this technique. Two further patients with abnormal mucopolysacchariduria and minimal skeletal deformities resembling those described by Horton and Schimke (1970) also showed a type A pattern in this~t , A specimen from the first Sanfilippo patient we examined gave the single broad-banded pattern, type B, but later, three further Sanfilippo patients gave the pattern F. This is consistent with the separation of the Sanfilippo syndrome into two types, one with a heparan sulphate sulphamidase deficiency (Kresse, 1973) and the other with a deficiency of N-acetyl-oc-D-glucosaminidase (O'Brien 1972) . One adult patient with the Scheie syndrome gave the two-banded pattern D. The Morquio patients fell into two groups; some presented pattern C with a broad fast leading band, whilst others gave the same two-banded pattern, type E, found in the 20 normal subjects. The former group of Morquio patients had consistently positive screening tests and abnormal results in the quantitative deterrnina- (1972), those with and those without mucopolysacchariduria. The nature of the constituents of the bands of the electrophoretic separation cannot be derived by direct comparison with the separation pattern of the mixture of standard glycosaminoglycans as the latter are from tissue sources and may not have the same polymer size or degree of sulphation as the material from human urine. Each of the bands in the six electrophoretic patterns may represent either a single glycosaminoglycan; a single glycosaminoglycan but heterogeneous with regard to polymer size; a mixture of two or more glycosaminoglycans (such as are the leading and intermediate bands of the standards' pattern, Fig. 2) ; a complex molecule comprising two or more glycosaminoglycans; or a complex of glycosaminoglycans attached to protein.
The technique provides a good enough resolution of the bands for these to be isolated, the glycosaminoglycans eluted and the component uronic acids and amino sugars determined. This may, in due course, allow the glycosaminoglycans present to be identified. This work was supported by a grant from the United Birmingham Hospitals Endowment Fund. We are indebted to several paediatricians in our own and other hospitals for their co-operation in making available to us urine specimens from these often difficult patients.
